As part of the WHO Onchocerciasis Control Programme in West Africa (OCP), the attack phase of operations in the Niger basin in Guinea began in 1989 with the simultaneous use of ivermectin and vector control. Larvicide applications coupled with annual large-scale ivermectin distribution have greatly reduced blackfly infectivity (by 78.8% for the number of infective larvae per 1000 parous flies). The combination of vector control and ivermectin has permitted excellent control of transmission. In the original OCP area, it took 6-8 years of vector control alone to obtain an equivalent decrease in blackfly infectivity. For the same number of flies caught, transmission was much higher in areas where ivermectin had not been distributed. The combined use of ivermectin and vector control has opened up new prospects for carrying out OCP operations with, notably, the possibility of reducing larviciding operations.
Introduction
Before ivermectin became available, onchocerciasis control was mainly directed against the vectors of the disease. The basic strategy of the WHO Onchocerciasis Control Programme in West Africa (OCP) consisted in interrupting transmission of the disease by continuing to destroy the vector larvae until the parasite reservoir in humans died out. For this to be achieved, 12-15 years of uninterrupted vector control was necessary (1, 2) .
The characteristics of ivermectin (single dose, prolonged microfilaricidal effect, and absence of harmful side-effects) make it highly suitable for controlling the disease effectively. During the early treatment trials it was noted that ivermectin also reduced transmission of the Onchocerca volvulus parasite. This was established, first, by gorging blackflies on treated onchocerciasis patients (3-6); subsequently, community trials confirmed the reduction of transmission under field conditions in West (7, 8) and Central Africa (9) as well as in Central I Centre ORSTOM, B.P. 5045, 34032 Montpellier, France. Requests for reprints should be sent to Dr Guillet at this address. 2 World Health Organization, Onchocerciasis Control Programme in West Africa, B.P. 549, Ouagadougou, Burkina Faso. Reprint No. 5587 America (10) . In African savanna areas, this reduction is reflected immediately after treatment by a 70-85% decrease in blackfly infectivity (No. of infective 0. volvulus larvae per 1000 parous flies) and in natural transmission, without any vector control (7, 20) .
In holoendemic areas, even though a reduction in the transmission of onchocerciasis of about 80% is considerable, it is not sufficient to lead to the extinction of the parasite in humans within a reasonable time. Ivermectin alone does not therefore seem capable of replacing larvicides for control of onchocerciasis transmission, at least at present. On the other hand, it rapidly improves the well-being of patients and stops almost completely the progression of some ocular lesions. A period of 7-10 years of vector control is required to obtain the same result. However, some beneficial effects of ivermectin have been called into question following a trial in Sierra Leone (11, 12) .
Ivermectin has been widely distributed in the OCP area as an adjunct to vector control, and even used on its own in some areas (northern part of the western extension). Priority has been accorded to areas where there was a high risk of blindness and where vector control had just started (western and south-eastern extensions).
In the western extension, the first large-scale distribution of ivermectin began in 1988 in the Milo basin in Guinea and continued subsequently at a fre- (Fig. 1)) . The (13) .
The epidemiological data were collected and analysed according to the standard procedure developed by OCP (17, 18) . The criteria adopted were prevalence of microfilariae (mf) in the skin (mfs) and the mean community microfilarial load (CMFL), i.e., the geometric mean mf count per snip (mf/s) among persons aged .20 years. Epidemiological surveys conducted beforehand were used to evaluate the endemicity level in the whole western extension before the beginning of the operations, especially in Guinea (19) ; for the eight villages close to the catching points selected, the initial mean prevalence of mfs was 74.4% and the CMFL, 42.2 mf/s. In the original OCP area, close to the selected catching points, the initial mfs was 70.3% and the CMFL, 34.9 mf/s.
Ivermectin was distributed at a dose of 150 pg/ kg, respecting the exclusion criteria adopted by the manufacturers. The zone treated in Guinea stretches across the greater part of six river basins, covering almost 80 000 km2 (Sankarani to Tinkisso river basins). The Milo river basin has been treated since 1988 (five annual treatments), the Niandan, Mafou and Niger basins since 1989, and the Sankarani and Tinkisso basins since 1990. By 1990 large-scale ivermectin distribution had started in all the basins in the study zone in Guinea.
Results

Ivermectin distribution
Between 1990 and 1992, the number of villages covered by ivermectin treatment increased by a factor of three and the number of people by a factor of six, the latter reflecting a significant increase in treatment compliance. In 1992 a total of 91 840 persons were treated in 550 villages.
The treatment was generally very well received. Most of the frontline villages in the zone, or those having a CMFL >5 mf/s, are currently being treated. Unfortunately, there are very few data on trends in the prevalence of mfs and in microfilarial loads because of the inconvenience of making repeated skin snips. However, there are data for four villages that had two successive treatments. These data were collected 12 months after ivermectin treatment, just before the following treatment. As expected, the prevalences of mfs have not decreased much; however, the CMFLs have decreased by 60-80% relative to the pre-treatment level (Table 1) .
Transmission
For the original area, the study covered 10 years during which 34492 blackflies were caught at the eight selected points, of which 87.8% were parous. Unfortunately, for the original area no baseline entomological data were collected before the start of vector control operations. On the other hand, for Guinea, the data for 1985-86 and 1986-87 were collected before any form of intervention. In Guinea, the intervention covered the period 1987-92, and a total of 206 765 blackflies were caught before the 1989-90 (Fig. 2) . These larvicide applications, which were aimed at interrupting reinvasion of the original OCP area, were carried out during the period of highest transmission. Furthermore, the Milo form of S. soubrense, which generally had high infectivity, had been virtually eliminated as a result of these larvicide applications.
A marked decrease in transmission was observed in the first year of continuous vector control in 1989-90 in Guinea (Fig. 2) . From the second year, transmission was, at all the points, reduced below the tolerable threshold (100 L3/H per person per year). It is difficult to dissociate the effect of ivermectin from that of vector control; however, in the original area, with vector control alone, it took longer to obtain the same result.
More significant is that the proportion of infective flies decreased rapidly from the first ivermectin Fig. 2 . Mean annual transmission potential (ATP) for selected catching points in the OCP original area and in Guinea (8 catching points in each zone). The small arrows indicate that the ivermectin treatment was limited to only a few villages; and the big arrows, the large-scale ivermectin treatment. Go Go M a.M 0 a1* eo o treatments. After 2 years of large-scale ivermectin treatment (full coverage), the reduction was 64.6% ( Fig. 3) . At the same time, the number of L3/H per 1000 parous flies had fallen by 75.7%. Compared with the 1986-87 data, before treatment began, the decrease was 78.8% for the infective flies and 82.9% for L3/H. In the original OCP area, it took 6 years of vector control for the blackfly infection to start to fall, and 9 years before it reached the values observed in Guinea after only 3 years of combined use of larvicides and ivermectin. The mean parasite load of infective flies for each year remained relatively stable for 9 years in the original area and for 6 years in Guinea (Fig. 4) . The mean values (1.5-2) are quite representative of the species involved in the transmission (S. sirbanum and S. damnosum s.s.). However, a decrease in the load occurred in both areas after 9 years of vector control and 3 years of combined use of larvicides and ivermectin. In the latter case, the decrease was perhaps due to ivermectin, but it is too early to draw a conclusion from this.
Impact of ivermectin treatment during a breakdown in vector control in 1992
In February and March 1992, because of the use of a defective larvicide, the entomological situation deteriorated quickly in some river basins under vector control in the original OCP area and in Guinea. Six catching points were chosen in the most affected basins, including three along the western limit of the original area and three in Guinea. The results were for a total of 9390 flies caught over 2 months, 53% of which were dissected. In both cases, the 0. volvulus strain, the vectors, the larviciding period, and the insecticide used were the same. Also, the parous rates were similar. The average transmission potential observed during this period in Guinea was 7.3 compared with 93.7 for the original area (Table 2 ). For the same number of blackflies caught, transmission in the original area was 5.6 times higher; for parous flies alone, the difference was 5.7 times. Consequently, while the breakdown on control had little effect in Guinea, for two of the three selected points in the original area, the acceptable transmission potential for 1 year (100 L3) had been exceeded in only 2 months. Such a level of transmission in the original OCP area is perhaps surprising since it should have been under control for more than 12 consecutive years. However, the three catching points selected were located in initially highly reinvaded areas. Only after 1987 were the reinvasion problems overcome and transmission interrupted, even though it had been greatly reduced previously.
Discussion
The combined use of vector control and ivermectin has rapidly enabled transmission of onchocerciasis to be interrupted almost completely from the Niger basin in Guinea. The direct effect of ivermectin on transmission is perceptible in the infectivity of the flies. After only 3 years, the proportion of infective flies and their total parasite load (L3/H) are as low as those obtained after 7-10 years of effective and continuous vector control in the absence of reinvasion. The results that we have described here for the original area are for eight catching points, all of which are located in zones where vector control has fully attained its objectives within the initially planned time limits.
In the original OCP area, the blackfly infestation has followed the same trend as the prevalences of mfs. For the latter, a plateau level is observed for 6-8 years followed by a rapid fall, while the CMFLs decrease more regularly (1). Between two annual ivermectin treatments, a considerable proportion of the treated individuals presented very low microfilarial loads for several months. The values calculated 12 months after treatment led to a large underestima- tion of the impact on the epidemiological indicators and explain why the proportion of infected flies caught throughout the year decreased much more rapidly than the observed prevalences of mfs. Also, ivermectin may have a cumulative effect. In the Asubende area in Ghana, the microfilarial loads measured 12 months after treatment decreased by 50%, 70%, 75% and 85%, respectively, following the first four treatments (7, 20 
